Objective: To assess whether the relative treatment effect of patching compared with atropine for moderate amblyopia varies according to patient age, cause of amblyopia or depth of amblyopia, and initial number of patching hours prescribed.
Amblyopia is the most common cause of monocular visual impairment in both children and young and middle-aged adults. [1] [2] [3] Patching of the sound eye and, less commonly, atropine drops for the sound eye have been the mainstays of therapy.
Factors that have been suggested to be associated with a poorer response to amblyopia treatment include older age, worse visual acuity, and strabismus as the cause of amblyopia. 4 -7 Retrospective case reports have suggested that pharmacologic penalization may be less effective than occlusion or even ineffective for children with poorer amblyopic eye acuity. 8 Previous randomized studies comparing pharmacologic penalization with occlusion therapy have been too small to assess whether there are differences in treatment response according to patient characteristics (eg., age, cause of amblyopia, depth of amblyopia). 9, 10 We conducted a randomized trial comparing patching with atropine as treatments for moderate amblyopia (20/40 to 20/100) in children younger than 7 years. As previously reported, we found that substantial improvement in the visual acuity of the amblyopic eye occurred with both the patching and the atropine treatment regimens. Improvement was more rapid in the patching group, but by 6 months, the difference in acuity between treatment groups was small (approximately one third of a line). 11 Although both treatments were well tolerated, atropine was the favored treatment on a questionnaire completed after the first 5 weeks of treatment. More patients in the atropine group than in the patching group had reduced acuity in the sound eye at 6 months. However, in nearly all cases with follow-up information after the first 6 months, visual acuity in the sound eye returned to its prestudy level. In this report, we evalu-ated whether the relative treatment benefit comparing atropine and patching differs related to baseline patient characteristics such as age, cause of amblyopia, and depth of amblyopia. In addition, we compared the response to differing initial numbers of hours of daily patching.
Methods
The study protocol has been detailed in prior publications 11, 12 and is summarized below. The study was conducted by the Pediatric Eye Disease Investigator Group at 47 clinical sites and was supported through cooperative agreements with the National Eye Institute of the National Institutes of Health. Institutional review boards approved the protocol and informed consent forms, and the parent or guardian (referred to subsequently as "parent") of each study patient gave written informed consent.
The major eligibility criteria for the trial included age younger than 7 years and ability to complete the study's visual acuity testing protocol 13 (which effectively created a lower age limit of approximately 3 years), visual acuity in the amblyopic eye Յ 20/40 and Ն 20/100, intereye acuity difference Ն 3 logarithm of the minimum angle of resolution (logMAR) lines, the presence of or a history of an amblyogenic factor meeting study-specified criteria for strabismus or anisometropia, the wearing of optimal spectacle correction for a minimum of 4 weeks at the time of enrollment, and no more than 2 months of amblyopia treatment in the prior 2 years. Each patient was randomly assigned to treatment with either patching or atropine. Protocol-specified follow-up visits were conducted after 5, 16, and 26 weeks. Visual acuity was measured at baseline and at each follow-up visit with the Amblyopia Treatment Study Visual Acuity Testing Protocol. 13, 14 For the patching group, each patient was prescribed daily patching of the sound eye for a minimum of 6 hours per day and up to full-time (all or all but one waking hours) at investigator discretion. If by 4 months the acuity in the amblyopic eye had not reached 20/30 or improved from baseline by three or more lines, then full-time patching was prescribed (if not previously prescribed). For patients who responded well to treatment (acuity 20/30 or at least a three-line improvement from baseline), the amount of patching could be reduced at investigator discretion, but was required to be at least 7 hours per week as long as the acuity in the amblyopic eye was one or more lines worse than the acuity in the sound eye.
For the atropine group, each patient was prescribed one drop of atropine 1% in the sound eye per day. If by 4 months the acuity in the amblyopic eye had not reached 20/30 or improved from baseline by three or more lines, then the spectacle lens for the sound eye was replaced with a plano lens (for patients wearing spectacles). For patients who responded well to treatment (acuity 20/30 or at least a three-line improvement from baseline), the atropine dosage could be reduced at investigator discretion but was required to be at least 2 days per week as long as the acuity in the amblyopic eye was one or more lines worse than the acuity in the sound eye.
Statistical Methods
The primary outcome was the 6 month amblyopic eye logMAR visual acuity score. A prespecified secondary outcome (treatment success) was defined as a 6-month acuity that was Ն 20/30, improved from baseline by three or more lines, or both. A patient was classified as a treatment failure if the success criteria were not met or if the nonassigned treatment was received for at least 1 week (i.e., a patient in the atropine group received patching or a patient in the patching group received atropine). Seventeen patients without a 6-month exam are not included (seven in patching group and 10 in atropine group). *Estimated from logMAR score, where one letter ϭ 0.02 logMAR; odd logMAR scores rounded down. † Treatment success defined as outcome exam with acuity of Ն20/30, three lines of improvement from baseline, or both (crossovers to alternate treatment considered treatment failures). ‡ One patient (atropine group) with baseline amblyopic eye visual acuity of 20/125 not included. P ϭ 0.59 for interaction between baseline visual acuity and treatment group. logMAR ϭ logarithm of the minimum angle of resolution.
The modifying effects of baseline patient characteristics on the treatment group differences in amblyopic eye acuity at 6 months were assessed by including interaction terms in analysis of covariance models (logMAR visual acuity score as dependent variable) and by generalized linear models (treatment success as dependent variable) adjusted for baseline acuity, with a separate model for each patient characteristic. For continuous variables (e.g., age), the interaction term used the continuous form of the variable; strata for the variable are provided in tables for ease of interpretation.
The treatment response according to the number of hours of patching prescribed at baseline was evaluated in an exploratory analysis. The patching group was divided into two subgroups based on the initial number of hours of daily patching that were prescribed (6 to 8 hours and 10 or more hours). The subgroup prescribed daily patching of 10 or more hours was then compared in separate analysis of covariance models with the subgroup prescribed 6 or 8 daily patching hours and with the atropine group at the three protocol-specified visits (5 weeks, 16 weeks, and 6 months).
All analyses followed the intention-to-treat principle (i.e., the treatment group data were based on the randomization assignments, not on the actual treatment received or whether the treatment protocol was followed). Data were not imputed for the 17 patients who left the study before the 6-month exam. All reported P values are two tailed.
Results
The trial enrolled 419 patients, with 215 assigned to the patching group and 204 assigned to the atropine group. The 6-month outcome exam was completed by 208 patients (97%) in the patching group and by 194 patients (95%) in the atropine group. The average age of the patients was 5.3 years; 47% were female and 83% were white. The mean visual acuity in the amblyopic eye at enrollment was approximately 20/60, with a mean difference in acuity between eyes of 4.4 lines. The identified amblyogenic factor was strabismus in 159 (38%), anisometropia in 155 (37%), and both strabismus and anisometropia in 100 (24%). Five enrolled patients did not meet the study criteria for either strabismus or anisometropia. Patient characteristics were well balanced between the two treatment groups. 11 Additional baseline data were reported previously. 
Treatment Group Differences According to Patient Characteristics
The relative treatment effect comparing the two treatment groups was similar across the range of visual acuities included in the trial (20/40 to 20/100; P value for interaction ϭ 0.59). At each level of baseline visual acuity, a slightly greater improvement in the 6-month visual acuity was present consistently in the patching group compared with the atropine group ( Table 1) .
The relative treatment effect was similar in males and females (P value for interaction ϭ 0.70) and did not vary with age (P value Seventeen patients without a 6-month exam are not included (7 in patching group and 10 in atropine group). *Treatment success defined as outcome exam with acuity of Ն20/30, three-line improvement from baseline, or both (crossovers to alternate treatment considered treatment failures). † The P values are for the interaction between the characteristic and treatment from a model that included baseline amblyopic eye acuity, treatment group, and the characteristic. The first P value is from an analysis of covariance model with the 6-month amblyopic eye acuity as the dependent variable, and the second P value is from a generalized linear model with treatment success as the dependent variable. ‡ Five patients with indeterminate cause for amblyopia not included (one patching, four atropine). § For 92% of patients with prior amblyopia treatment, patching was the prior treatment.
for interaction ϭ 0.84) or with race (P value for interaction ϭ 0.47). The treatment effect also was unrelated to whether the cause of amblyopia was strabismus, anisometropia, or both combined (P value for interaction ϭ 0.68; Table 2 ). In the combined-mechanism subgroup, although the mean improvement with patching was numerically greater than the mean improvement with atropine, the proportions meeting the criteria for treatment success were similar. These apparently contradictory results appeared, at least in part, to be related to a treatment group imbalance in baseline acuity in this subgroup. Among the patients with combined-mechanism amblyopia, a greater number of patients in the patching group had a baseline acuity of 20/100, and a greater number of patients in the atropine group had a baseline acuity of 20/40.
The relative treatment effect also did not vary based on whether the patient had been previously treated for amblyopia (P value for interaction ϭ 0.13) or on refractive error in the sound eye (P value for interaction ϭ 0.70; Table 2 ).
Treatment Group Differences According to Patching Hours Prescribed
The initial number of patching hours was prescribed based on an investigator's usual practice with the stipulation that a minimum of 6 hours per day be prescribed. This investigator discretion resulted in patients with 20/80 or 20/100 baseline acuity being prescribed 10 or more hours per day of patching more often than were patients with 20/40 to 20/60 acuity (P Ͻ 0.001). To account for this selection bias in the intensity of patching treatment prescribed, analyses were performed for two strata based on the baseline amblyopic eye acuity (20/80 to 20/100 and 20/40 to 20/60).
After 5 weeks of treatment, patients prescribed 10 or more hours of patching per day had greater improvement in visual acuity compared with patients in the atropine group (P Ͻ 0.001) and showed a trend toward greater improvement compared with patients prescribed 6 or 8 hours per day (P ϭ 0.10). The benefit of the more intensive patching was most pronounced when baseline acuity was 20/80 to 20/100 (P Ͻ 0.001 compared with atropine and P ϭ 0.01 compared with 6 to 8 hours of daily patching). As can be seen in Figure 1 and Table 3 , the differences between the three groups narrow with further follow up such that by 6 months, the differences among the groups are small.
Discussion
Substantial improvement in the visual acuity of the amblyopic eye occurred with both the patching and the atropine treatment regimens. After 6 months, the difference in mean logMAR acuity between treatment groups was small (approximately one third of a line). The effects of the treatments were remarkably consistent across the 3 to younger than 7-year age range and the 20/40 to 20/100 acuity range and did not vary based on whether the cause of the amblyopia was related to strabismus, anisometropia, or both. We also evaluated gender, race, and refractive error of the sound eye and found a consistent relative treatment effect in all subgroups. However, the number of nonwhite patients in the trial was too few for a meaningful statistical assessment.
The beneficial effect of atropine at the lower (worse) end of the visual acuity range is an important finding. Retrospective case reports have suggested that pharmacologic penalization may be less effective than occlusion or even ineffective for children with poorer amblyopic eye acuity. 8 However, our results indicate that atropine was just as effective when acuity was 20/100 as when acuity was 20/40. This finding points to the need for a future study to assess the effect of atropine at acuity levels worse than 20/100.
During the design phase of the trial, we postulated that compared with patching, atropine may be more successful for the older amblyopic patient than for the younger patient because of better relative compliance with atropine at the older age. 8 Such a difference was not found in the trial; rather, the relative benefit of the two treatments was of similar magnitude over the age range studied.
Previously, we reported that although the treatment group differences at 6 months were small, patching produced a more rapid improvement in acuity than did atropine. Further analyses reported herein demonstrated that the effect of more rapid improvement was greatest for patients whose initial visual acuity was 20/80 to 20/100 and who were prescribed full-time or nearly full-time daily patching. This finding has potential importance for the clinician who is weighing the pros and cons of patching and atropine therapies. However, it must be viewed with some caution because as a secondary analysis, the probability that it is a chance finding is increased. As noted earlier, we attempted to control for the selection bias that was present related to the number of hours of patching prescribed; however, some bias could still be present, particularly within the baseline acuity stratum of 20/40 to 20/60 where only 1 of the 19 patching patients with baseline acuity of 20/40 was prescribed 10 or more hours of daily patching. We currently are performing additional randomized trials to assess specifically the outcome with different patching regimens.
The amount of patching that is believed necessary to improve vision varies widely among pediatric eye care providers, ranging from all waking hours to just minutes per day. Only a few reports have evaluated the difference between full (or nearly full) and part-time occlusion, when the groupings were not established by an assessment of patient compliance. Flynn et al 7 suggested that the success rates were the same for part-time and full-time occlusion therapy. Their analysis, based solely on reported outcomes in 23 studies, would not have identified the more rapid improvement seen with 10 or more hours of daily occlusion in this study. Cleary 15 reported that full-time occlusion produced a greater improvement in visual acuity and reduction in interocular difference than part-time occlusion, when the acuity outcome was measured at 6 months. The interpretation of these studies, as well as our own, is somewhat limited because the analyses are based on the prescribed occlusion dosage, rather than the amount of patching actually achieved. An analysis of dose effect from actual episodes of patching must await the widespread availability of dosemonitoring devices. 16, 17 In summary, both patching and atropine are effective initial treatments for amblyopia throughout the age range of 3 to younger than 7 years and the acuity range of 20/40 to 20/100. Patients with acuity of 20/80 to 20/100 improve faster when a greater number of hours of patching is prescribed, but after 6 months, the improvement is not significantly greater than that occurring with a lesser number of hours of patching or with atropine. For the clinician weighing the pros and cons of patching versus atropine as an initial therapy for a child with amblyopia who is within this age and acuity range, our results indicate that age, depth of amblyopia, and cause of amblyopia are not important factors to consider. In some cases, parent or even child preference may be the overriding factor in deciding which treatment to prescribe. For patients with baseline acuity 20/80 to 20/100, in the atropine, 6 -8 hours patching, and 10 or more hours patching treatment groups: n at 5 weeks, (100, 50, 37); n at 16 weeks, (96, 49, 36); and n at 6 months, (97, 50, 37). For patients with baseline acuity 20/40 to 20/60: n at 5 weeks, (99, 102, 20); n at 16 weeks, (97, 96, 19) ; and n at 6 months, (97, 101, 20). *P value for difference in mean logarithm of the minimum angle of resontion acuity score between each treatment subgroup compared with Ն10 hours patching subgroup from analysis of covariance model in which the logarithm of the minimum angle of resontion acuity scores were adjusted for baseline acuity. † Success defined as outcome examination with acuity of Ն20/30, three-line improvement from baseline, or both (crossovers to alternate treatment considered treatment failures). ‡ P value for difference in success proportions between each treatment subgroup compared with Ն10 hours patching subgroup from generalized model adjusted for baseline acuity. logMAR ϭ logarithm of the minimal angle of resolution.
